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The CP violation asymmetry parameters in H — > ttA nonleptonic decays are presently being 
measured by the HyperCP experiment. In the study of these CP violation parameters, the strong 
S and P phase shifts for the ttA final-state interactions are needed. In this work, these phases are 
calculated using an effective chiral Lagrangian model, that considers E, E*(1385), and the cr-term, 
in the intermediate states. The cr-term is calculated in terms of the scalar form factor of the baryon. 
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I. INTRODUCTION 

The CP violation phenomenon is an important aspect 
in the understanding of the nature. Differences in the 
behavior of particles and antiparticles provide informa- 
tions that may clarify many aspects of the current par- 
ticle physics, as for example, if CP violation appears as 
a consequence of the standard model, by the Kobayashi- 
Maskawa mechanism [1], or if this violation appears from 
physics beyond the standard model, such as the super- 
weak model [2] or others [3], [4]. 

Even in the cosmology, when the baryogenesis is stud- 
ied, and the matter-antimatter asymmetry in the uni- 
verse is investigated, the ratio n^/n.^ = (5.5±0.5) x lO"^*' 
between the baryon number density, ub, and the photon 
number density, n-y, is essentially a CP violation observ- 
able and is incompatible with the Kobayashi-Maskawa 
model [5]. 

Experimentally, the breakdown of CP invariance has 
been observed in two kinds of weak K decays, and re- 
cently in weak B decays also, [5]- [8]. In the three 
observed cases, the results are in accord with the 
Kobayashi-Maskawa picture. Another system where CP 
violation is expected to occur, is the nonleptonic decay 
of hyperons [9], [10]. This effect, in the decay sequence 
Att^, a Ntt and in the respective one, 
has been measured in the E756 experiment, that ob- 
tained Asa ~ As + Aa = 0.012 ± 0.014 [11], [12] and 
S- P = 3.17° ± 5.28° ± 0.73° [13], where S and P are 
the strong phases at the S~ mass. These results are still 
inconclusive, concerning to prove the CP, violation, but 
the same decay is presently being measured by the Hy- 
perCP experiment, that is also dedicated to look for CP 
violation in decay, but with high sensitivity. 

Some authors studied this decay [14]- [18] and in or- 
der to determine the asymmetry decay parameters, the 
phases 6i, (pi in the final-state 7r-barion interactions are 
needed. The weak (pi phases, are the responsible for the 
CP violation and have been calculated, in [19], in the 
framework of the standard model, and in [20], [21], [22] 
where new physics was considered. The ^ ttS decays 
have also been studied [23] , [24] , and the resultant strong 
phase differences, now in the final ttS interactions, were 
significantly bigger. 

The strong ttA^ phases, in the A — > vrA^ and E — > ttN 



decays are very well known [25], and can be described 
by chiral models, [26], [27]. So, it seems reasonable to 
calculate the phases in the other hyperon decays (2 and 
57), using chiral models also. The strong phase differ- 
ence 5p — 5s in the ttA interaction has been estimated 
theoretically in some works [15]- [18], [29], [30]. 

The recent results from the E756 collaboration, and 
the future results from the HyperCP experiment, mo- 
tivates theoretical studies in the field. In this paper, 
the strong phases 5' and P, in the ttA interaction will 
be estimated, with a model that was used to calculate 
the strong ttS phase shifts in the fl" decay [23]. This 
model is an improvement of the one proposed in [30], to 
study the strong ■nY interactions, and is based on chiral 
Lagrangians, with E and I]*(1385) in the intermediate 
states. The inclusion of the scalar form factors a{t) of 
the hyperons will be made, in a way similar to the one 
found in [31], [32], [23]. Another improvement that will 
be made, is the utilization of the AttE coupling constants, 
obtained in [28] from the study of hyperonic atoms. 

This paper will show the following contents: In section 
II, a brief review of the asymmetry parameters of the S~ 
decay will be made. In section HI the strong phases in 
the ttA interactions will be calculated. The results of this 
work, and the ones of the other models available will be 
shown in section IV. 



II. NONLEPTONIC H" DECAY 

In the 2~ Avr^ decay, the amplitudes with L=0 (5) 
and L=l (P) may be parametrized as 
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The observables of interest in the study of CP violation 
are the asymmetry parameters a, (3 and 7 , which can be 
expressed in terms of the S and P amplitudes, 



= 2 Re(5*P)/(151 
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7=(|5|2-|Pn/(|5|2 + |P|2) (5) 
and obeys the relation 

a^+/3^+7^ = l • (6) 

In the systems where CP conservation exist, the CP 
asymmetry parameters 



The spin 3/2 propagator for a mass M particle, is then 
p2 _ M2 3 
3M 3M 3M2 j ■ 
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a — a 



and 



B = 



/?-/? 



(7) 
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vanish, since a=-a and /?=-/3. 

These asymmetry parameters are approximately 



y4(SI) = Ah = -tan(P - 5)tan(0^ - (f)"^) , (9) 



and 



B(SI) =Sh =cot(P-S')tan(</)^-(^^) . (10) 

In the A nN, the Aa and may be defined in a 
similar way. 

In the next section we will calculate the phase shifts 
5i, that are needed to estimate A and B. 



III. LOW ENERGY ttA INTERACTION 

In this section, the low energy ttA interaction will be 
studied with the model proposed in [23]. In this model, 
the interactions are considered to be described by effec- 
tive chiral Lagrangians, that in the ttA interactions are 



2mA 

SAttE* I S 
+H.C. 



j.u-{Z+ -)7/x7<^ 



(11) 
fA 

(12) 



where A, S, E* and (p are the lambda, the sigma, the 
resonance S*(1385), and the pion fields. Z is the off- 
shell parameter [27]. 

This model is supported by the fact that the low en- 
ergy ttN interactions arc quite well described by sim- 
ilar Lagrangians [27]. In analogy with the wN interac- 
tions, where the A(1232) resonance dominates the ampli- 
tudes, the intermediate S*(1385) are also included. Fig. 
1 shows the diagrams to be considered. The inclusion 
of the a term (Diagram Ic) is needed by the fact that 
in the ttN interaction, if one make the calculations only 
with the tree diagrams, with N and A in the intermedi- 
ate states, the accord with the experimental data is not 
so good, but the the inclusion of the <t exchange [27], 
improves this accord. 
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FIG. 1: Diagrams to ttA Interaction. 

The ttA scattering matrix will have the general form 

(14) 

where k and k' are the initial and final tt momenta. The 
contributions from Fig. 1(a) (intermediate E) are 

^E = gl^j:{mA + mj:) 



s — rris 



u — 



= gl 



ml 



s - 2m\{m\ + mj:) 



s — mt 



+ 



2m\{mA + rriT,) + u-mj 



(15) 



The contribution from Fig. 1(b), the interaction with the 
intermediate resonance S*, is 



Ay., 



SAttE* 



'A- 1 mj^ + mAms* 

K-^ 15 



m|. 



3mA — 

X (2m|. -|- mAms* — mA + 2/i^) 

+ [(mA-FmE0^+(2ms. + mA)^^] k.k'\ 
m^. J 



Be. 



S'AttE* 



3mA t f2 _ j/2 
where v and u,. are 

s — u 



ml. 



V 



4mA 



m|. — mA — k.k' 
2mA 



(16) 

(17) 
(18) 



and 

A = {2m|. - 2mi - 2mAm|. 
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-2mims*+M^(2mA-mE-)} + -^{'mA+m^*)t , 



B 



2m|. 



[{mj2, - tma) - 2mAmE. (ms- + mA) 



-t-6/U^mA(mE» + mA) - 2/x^(mE* + mA)^ + n'^] + -t , 

(19) 
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where /i is the pion mass. 

In [27], [30] the a term (diagram l.c) was parametrized 



as 



A„ = a + bt 



(20) 



If one calculates the amplitudes in the ttA ccnter-of-mass 
frame, defining the momentum, k, the scattering angle, 
and X = cos 6, the partial wave amplitudes ai± can 
be obtained with equation (All). The phase shifts are 
calculated by unitarization of the amplitudes [34] with 



'Ji± 



tg \k ai±) 



(24) 



with the a and b parameters determined by the exper- 
imental ttN data. In [31], [32], this contribution was 
calculated, relating it with the scalar form factor of the 
baryon. In fact, the a term represents the exchange of 
a scalar isoscalar system in the t-channel, and at large 
distances is dominated by triangle diagrams (Figure 2) 
involving the exchange of 2 pions [33] . 



The parameters used can be found in in [35] and are 
mA=1.115 GcV, ms»=1.384 GeV, The coupling constant 
^AttE = 12.92 ± 1.2, is a recent value, obtained in [28], 
and the coupling constant ^atte* was calculated in [30], 
and the value obtained was 9.38 GeV-^ We will also use 
the standard value Z=-0.5. 

The numerical results of the phase shifts at ^/s = ms- 
are 



1/2 



3/2 



and 



-1.30° < S < -1.11° 



-1.83° < P < -1.81° 



(25) 



(26) 



FIG. 2: The scalar form factor (gray blob) receives contri- 
butions from tree interactions (white blob) and triangle dia- 
grams with spin 1/2 and 3/2 intermediate states. 

The scalar form factor for a spin 1/2 baryon B is 
defined in terms of the chiral symmetry breaking La- 
grangian Csb by the expression < B{p')\ — jCsb\B{p) >= 
a{t) u{p') u{p), and as it can be seen in Fig. 2, it 
will receive contributions from spin 1/2 (S) and spin 
3/2 (S*) intermediate states. These contributions can 
be expressed in terms of the loop integrals 11 defined in 
Appendix B (see [32], [31] for details on the calculations) 
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IV. SUMMARY AND CONCLUSIONS 

In the previous sections the strong S and P phase shifts 
for the S~ decay have been calculated at the mass 
with a model based on chiral effective Lagrangians, in- 
cluding the contributions from the diagrams of Fig. 1, 
and the diagram Ic is calculated with the diagrams of 
Fig. 2, that is essentially the same model used in [23] to 
estimate the strong ttS phases. The numerical values of 
the phases are -1.30° < 5 < -1.11° and -1.83° <P< 
-1.81° that gives -0.71° < P - S < -0.51°, that are 
smaller in magnitude then the values obtained in [30], 
S = -4.69°, P = -0.36° and P - 5 = 4.3° where, the a 
term was just considered as a parametrization. If com- 
pared with the experimental results from [13] P — S = 
3.17°±5.28°±0.73°, both models shows results inside this 
experimental range. In [29], in a one- loop calculation, in 
the heavy baryon chiral perturbation theory, the author 
found 5* = —2.8°, in another work, [18] using dispersion 
relations, the authors found 0° < S < 1.1°, and in [17], 
in the heavy baryon perturbation theory, the calculated 
phases were -7.3° < S < +0.4°, -3.5° < S < +0.5°, 
that gives -7.8° <S - P < +3.9° It would be very nice 
if the HyperCP data would determine a narrower exper- 
imental range of the phases. 
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The total amplitude is then 

T = Ta + Ts. + 



n 



2mA 



(22) 
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APPENDIX A: BASIC FORMALISM 

In this paper p and p' are the initial and final hyperon 
4-momenta, k and k' are the initial and final pion 4- 



4 



momenta, so the Mandelstam variables are 



s = {p + kf = {p' + k'f 
t = {p-p'f = {k-k'f 
u = {p' -kf = {p-k'f 

With these variables, we can define 
s — u 



V 



Vq = 



4m 

2/^2 - t 
Am 
— — k.k' 
2m 



(Al) 
(A2) 
(A3) 



(A4) 
(A5) 
(A6) 



where m, rur and /i arc, respectively, the hyperon mass, 
the resonance mass and the pion mass. The scattering 
amplitude for an isospin / state is 

T = u{pO{[A + , (A7) 

where A and B are calculated using the Feynman dia- 
grams. So the scattering matrix is 



Sttv^ 



kk' 



with 



/2 , 

(A8) 



AW = ^^±^[^+(^/i-m)B: 



f2{0) 



8^^^/s 

{E - m] 



(A9) 

[-A+{^s + m)B] , (AlO) 



where E is the hyperon energy. 

The partial- wave decomposition is done with 

ai± = 2 y [Pi{x)h{x) + Pi±i{x)f2{x)]dx . (All) 

In our calculation (tree level) a;± is real. With the 
unitarization, as explained in Section III, we obtain 



2i(5i± _ 11 _ 



1] = e'*'±sen(^i±) ^ a;± . (A12) 



APPENDIX B: LOOP INTEGRALS 

The basic loop integrals needed in order to perform the 
calculations of Fig. 2 are 



J (27r 



Y [(g-5/2)2-/,2][(Q + ^/2)2_^2] ' 



(Bl) 



2miJL 



(27r)4 [(Q-(;/2)2-^2][(Q+^/2)2_^2] ^s-M^] ■ 

(B2) 

The intc}grals arc dimensionless and have the following 
tensor structure 



^cc 

cc 



(47r) 



I I qf^q" 



^{nr^}, (B3) 
{nr^l , (B5) 



(47r)2 [ ^2 
i f^(_ooo)\ 



(47r)2 1"^^= J 



Thus, the 11 integrals that appear in the text are 



n(nOO) ^_ f (1/2 -a)" In 

^0 



^ Jo M 



In 



(B7) 
(B8) 



n 



(OOn) 



(-2m/,)"- fdaafd,^'' 
Jo Jo 



(B9) 



with 



Dec = 



-a(l - a) q"^ + ^"^ , 
-a{l-a){l-b) q^ 
+ - ab {j/ - M^) + o?b^ 
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